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ABSTRACT Theaimofthepresentpaperistoinvestigatefurtherthepreviouslyobservedichotomy
in theAdriaticwatersinfluencedbythePoriver.Tothatend,anexistingalgorithmfor
pigmentconcentrationretrievalhasbeenimprovedandappliedtothereprocessingof
selectedsummer1981andwinter1981/1982imagesof theAdriaticSea.Thesensitivity
losscorrectionprocedurehasbeenincludedintheretrievalalgorithmandrenderedcohe-
rentwiththeatmosphericcorrectionmodel.Themodelwasalsoupdatedtoallowfor
multipleRayleighscattering,andsite-specific'alibratedfor case2 watersof the
NorthernAdriatic.
Ouranalysisoftheimagesreinforcesthepreviousfinding(Clementetai.,1987)thattwo
typesof CZCS-derivedpatternscanbeobservedontheAdriaticshelf:one,elongated,
trappedalongtheItaliancoastline;andanotherwide,irregularlyspreadintothebasin
interior.However,accordingtoourresults,thetwopatternsarenotseasonallyrestricted,
i. e.bothmayoccurin summerandinwinter.In summer,whentheNorthernAdriaticis
stratified,thePo-influencedwaterspread£tthesurfaceintothebasininterior.A lower
Podischargemayrestraintheriver-affectedwaterstoanarrowcoastalband.In winter,
whentheNorthernAdriaticis verticallywellmixed,theriver-affectedwatersremain
confinedtotheItaliancoastalstripallthewaydowntheshelfedgeandintotheSouthern
Adriatic.However,strongepisodesof spatiallyheterogeneousburawindcanprovoke
intrusionsintothebasininterior.
OceanoiogicaActa,1992.15,1,13-23.
RESUME EvaluationetinterpretationdesechantillonsderivesdeCZCSsurlaplate-
formeadriatique
L'objectifdecetexposeestuneinvestigationapprofondiedela dichotomie-dejaremar-
queeetobserveeauparavant-dansleseauxdel'Adriatiquesousl'influencedufleuvePo.
Danscebut,onaamelioreunalgorithme- dejaexistant- pourdeterminerlaconcentration
dupigmenteton l'aappliquepourretraiterlesimagesselectionneesdela Mer Adriatique
pendantl'ete 1981etI'hiver 1981/1982.On y a inclusla procedurepourla correctionde
lapertedesensibiliteeton l'arenduecoherenteavecIemodeledelacorrectionatmosphe-
rique.Le modeleaetemisajourpourunediffusiondeRayleighmultipledansIecas2 des
eauxdel'Adriatiqueseptentrional.
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Notreanalysedesimagesconfirmelesresultatsprecedents(Clementetai.,1987)etla
possibilitededistinguerdeuxtypesd'echantillonsdeCZCSsurlaplateformeadriatique.
Le premierestallonge,bloqueIelongdelacoteitalienne,etl'autreestlarge,etenduirre-
gulierementsurIebassininterieur.Pourtant- ainsiquenosexplorationsl'ontprouve-les
deuxechantillonsesontpasconditionnesparlasaison,c'est-a-direqu'ilspeuventappa-
raitreaussibienenetequ'enhiver.Enete,quandlaMerAdriatiqueststratifiee,leseaux
sousl'influenceduPOsedispersentensurfaceversIebassininterieur.La dechargede
l'estuaireduPOpeutretenirleseauxtoucheesparIefleuvedansl'etroiteregioncoHere.
Enhiver,quandl'AdriatiqueseptentrionaleestbienmelangeeI longdelaverticale,les
eauxtoucheesparIefleuverestentcoinceesdanslalignecotiereitalienne,toutIelongdu
borddelaplateformeetdansladirectiondel'Adriatiquemeridionale.Pourtant,lesbour-
rasquesduvent«bura»,tresheterogenedansl'espace,peuventprovoquerlesintrusions
dansIebassininterieur.
OceanoiogicaActa,1992.15,1,13-23.
INTRODUCTION
TheAdriaticSeais ashallowinlandseawithsignificant
freshwaterinput,abouthalfofwhichisduetothePoriver
discharge.Its bio-opticalpropertiesarethereforepro-
foundlyinfluencedbythedissolvedandsuspendedorga-
nic and inorganicmaterialbroughtby the Po river.
Consequentlythebasinis particularlysuitablefor the
remotesensingdetectionof changingopticalfeatures.In
recognitionof this,it wasselectedasoneof thetestsites
for theCoastalZoneColor Scanner(CZCS), a sensor
launchedinOctober1978onboardtheNimbus-7satellite.
That,in turn,permittedanumberof Adriatic-relatedstu-
diesinvolvingbothretrievalalgorithmdevelopmentand
remote-sensingaidedoceanographicwork.
In oneoftheearliestattemptsoestablishacorrespondence
betweensatellite-observedf aturesandknownoceanogra-
phicaspectsof theAdriaticSea,Baraleetai. (1984)used
CZCS-visibleandIR datatostudythecirculationfeatures
of threeAdriaticregions(northern,centralandsouthern),
applyingsatelliteimageryin aqualitativewaytoexplore
thesurfacedynamics.Evaluatingpatternsof opticaland
thermalpropertiesonsynopticandseasonalscales,they
managedtoconfirmtheknowledgepreviouslyestablished
usingempiricalandmathematicalmodellingdata.Viollier
andSturm(1984)usedAdriaticdata,amongothersets,to
showthatgeneralCZCSalgorithmscanbeimprovedwhen
adjustedtoaccountforspecific/prevailingoceanographic
conditionsin thearea.In particulartheyfoundtheratio
algorithmsgenerallysuitableforretrievalof chlorophyll
content,butcoefficient-dependento phytoplanktontype.
In theirsedimentalgorithmtheysuccessfullycombinedthe
useof reflectanceratioandamplitudereflectancetodistin-
guishbetweentheoffshoreupwellingfrontsandturbid
frontalstructuresinthenearshorecoastalwaters.
Alberotanzaetai. (1985)attemptedtoconfrontasatellite
remotesensingimage(CZCS)andacomputersimulation
ofadvection/diffusionofapassivetracerinafieldoftidal-
ly induced(verticallyintegrated)currents,reportingencou-
ragingalbeitqualitativeagreement.Baraleetai. (1986)
usedatimeseriesofCZCS scenesfortheyears1979and
1980tostudythesurfacecolourfieldandcirculationpat-
ternsof theNorthernAdriaticonmonthlyandinterannual
scales.Theywereabletousedifferentpigmentlevelsto
distinguishcoastalandopenseawatermasses,andthereby
outlineprincipalsurfacecirculationpatterns.Theauthors
alsoconsideredthepossiblerelevanceof prevalentwind
fieldsandconcludedthat,ontheconsideredscales,wind
wasineffectiveinrelationtopigmentdistribution.In alater
paperBaraleetai. (1987)reportedastudyof thePoriver
impactonphysicalandbiologicalcharacteristicsof the
NorthernAdriaticbasin.Theyfollowedthespatialand
temporalevolutionofachlorophyll-likepigmentconcen-
trationin aseriesof 110CZCS-derivedimagescollected
during1979and1980.Theauthorswereabletoconfirm
thePoriverprofoundinfluenceonhydrologicalproperties
andcirculationi thebasin,inparticularthedirectrelation-
shipbetweenthePoflowrateandthesizeofsurfacecolour
features.Thefactthatsome30%ofthescenes,mostlyfal-
lingin theOctobertoFebruaryperiod,provedunsuitable
foranalysistestifieswelltotheproblemofrepresentingthe
winterAdriaticconditions.Clementetai.(1987)reporteda
worksimilartoAlberotanzaetai.(1985)in thesensethata
CZCS imagewascomparedto a computersimulation
(dominatedby seven-harmonictidalsignal),againwith
encouragingbutessentiallyqualitativeagreement.One
importantdifferencecamefromtheuseofamoresophisti-
catedmathematicalmodel(baroclinic,three-dimensional,
turbulentenergy).Sturm(1987)addressedtheaccuracyof
thedeterminationof pigmentconcentrationfromCZCS
dataandattemptedtocalculatethetemporaldistributionof
a chlorophyll-likepigmentmassin aNorthernAdriatic
area.
Mostrecently,Kuzrnic(1991)reportedthefirstattemptto
verifytheresultsofwind-inducedcurrentmodellingforthe
NorthernAdriaticusingCZCSdata.In particular,emotely
sensedevidencewasfoundforthepreviouslystudiedeffect
of spatiallyheterogeneousbura(gusty,katabaticwindof
NE direction).Comparisonofmodel-generatedan sensor-
collectedinformationsuggestedthatbura-inducedgyre
wasthemechanismresponsiblefor theparticularspatial
patternchangeobservedin theCZCS detectedradiance
andderivedpigmentconcentration.
Thepurposeofthepresentpaperistoprobefurtherthepre-
viouslyobservedichotomyintheAdriaticwatersinfluen-
cedbythePo river(river-affectedwatersbeingtrapped
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withinanarrowcoastalstripvs.buoyant,surfaceoffshore
spreading).Tothatendanexistingalgorithmforpigment
concentrationretrieval(Sturm,1990)hasbeenimproved
andappliedtoreprocessselectedsummer1981andwinter
1981/1982imagesfor theAdriaticshelf.Thealgorithm,
improvementsandimageprocessingarepresentedin the
secondsection.Theprocessingresultsareanalysedand
discussedin thethirdsection.To aidthediscussion,avai-
lablerelevantempiricaldata,namelythePoriverflowrate
andtemperature,theNorthernAdriatictemperature,and
windinthearea,werealsoused.Theresultsaresummariz-
edin thefinalsection.
CZCSDATAPREPARATIONAND PROCESSING
Ourconcernhasbeenwiththesatellite-detectableresponse
of Adriaticshelfwaters(Fig. 1)tovariousforcingsand
changesinmeteorologicaland/orhydrographicconditions.
In ordertofacilitatelaterqualitativeoceanographicanaly-
sis, thepreparationof pigmentmaps(chlorophylla +
phaeophytin)wasdonein twosteps:atmosphericandgeo-
metriccorrection.An effortwasmadetorendertheretrie-
valalgorithmuptodateandsite-specific.
Thesatellite-measuredtotalpixelradiancewascorrected
foratmosphericeffectsusingsoftwarepreviouslydevelop-
edat theCEC Joint ResearchCentreIspra(Sturmand
Nykjaer,1985).Thesoftwarehasbeenimprovedbyintro-
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Figure2
CZCS sensitivityloss correctionfactor variability in time(presentedas
orbit numbers).Discretedatapointsand cubicfit to themare indicated
for thefirst threechannels(thefourth is assumedto haveno sensitivity
loss).Thefittedequationsare:
SLCF443 =0.997 + 4.592 N -15.387 N2 + 22.95 N3,
SLCF520= 0.962+ 1.086N- 0.68N2 -1265N3,
SLCF550 =0.981+3.375N2 - 7.37N3,
whereN=Orbit100000.
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FigureI
Bathymetryand lateralgeometryof theAdriatic shelf.
ducingupdatedsensitivitylosscorrectionfactors(SLCF),
evaluatedwithamethodescribedbySturm(1986).The
correctionprocedurehasbeenappliedin responsetoindi-
cationsthattheradiometricsensitivityof theCZCS has
beendecreasingwithtime.Thissensitivitydecayhasbeen
evaluatedpreviouslyby Gordonetat. (1983),Mueller
(1985)andSturm(1986)by comparingexpectedand
CZCS-measuredsensorapertureradiancesoverclearwater
zonesoftheocean.Accordingtoourexperience,sucheva-
luationsareextremelysensitivetothemodelusedforthe
calculationof theatmosphericpathradiance,speciallyof
itsRayleighcomponent.In ordertominimizesystematic
errors,themodelusedforthesimulationof theexpected
apertureradiancesandthatlaterusedforatmosphericcor-
rectionmustbecoherent.ForthisreasontheSLCFshave
beenreevaluatedusingthemostrecentversionof the
CZCSprocessingsoftwareupdatedtoallowformultiple
Rayleighscattering(Gordonetat.,1988).Theresultof the
appliedprocedureis givenin Figure2.It mayreadilybe
observedthatthesensitivitydecayaffectsprimarilythe
blueregion(channell)thusaffectinginmajorpartheeva-
luationof theblue-greenratiowhichissensitivetothepig-
mentcontentof thewater.The updatedsoftwarealso
allowsfortheevaluationof aspatiallyvaryingwavelength
dependenceof theaerosolscattering(Angstroemexpo-
nent)overcase1watersusingtheprocedureproposedby
BricaudandMorel(1987).
Todevelopasite-specificinterpretationalgorithmforthe
NorthernAdriatic,aCZCScalibrationcampaignwascar-
riedoutin theareain theautumnof 1984.Thecampaign,
designatedAdria84,includedamongotheractivitiesmea-
surementsofdepthprofiles(at22stations)ofchlorophyll-
likepigments(chlorophylla +phaeophytin),totalsuspen-
dedmatterconcentrationa dofyellowsubstanceabsorp-
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Figure3
Correlation between the blue-green ratio and optically weighted
pigmentconcentration.Solid symbolsindicatecase 2 pixels according
to thecriterionRsub(550) > RUmsubC550),wheretermon theright is the
upper limit of subsurfacereflectancefor case 1 water (Bricaud and
Morel. 1987).Error bars estimateuncertaintyin R13 due to sea truth
locationmisalignmentand inaccuraciesin sensitivitycorrectionfactors.
tionat450nm(formoredetailseeSchlittenhardt,1986).
Opticallyweightedpigmentconcentrationsthatcorrespond
totheopticalsignalmeasuredbytheCZCSwereobtained
byweightingthepigmentdepthprofilestakenateachsta-
tionwithanexp(-2Kz)functionoveranattenuationlength
(equaltoK-I m;K isthediffuseattenuationcoefficientand
z isdepthcoordinate)followingClark(1981).
To deriveacase2 wateralgorithm,21pigmentmeasure-
mentsfromthreesuccessivedays(28,29and30August)
werecorrelatedwiththeCZCS-derivedblue-greenratiosat
theirshippositionsonthesceneof 29August1984.The
resultisshowninFigure3;it showsthechannellto3ratio
of thewater-leavingreflectancesa afunctionof theopti-
callyweightedpigmentconcentrationsmeasuredatthesta-
tionsshownin Figure4.In thefigurethesolidlineis the
bestfit todata:
Pigment(mgm-3)=1.4*(RlIR3tI.68
andthedashedline(obtainedfollowingAndreandMorel,
1989)representshecase1wateralgorithm.Thediscrimi-
nationcriterionforcase2waterswastherequirementthat
lirn
Rsub(550)>R sub(550)
wherethetermontherightistheupperlimitof subsurface
reflectancefor case1water(BricaudandMorel,1987).
Whenthecase2watercurveiscomparedtothatofcase1,
it maybeobservedthatthecase2watershavelowerpig-
mentconcentrationsatdecreasingblue-greenratios.This
canbeexplainedbythegreateramountof dissolvedand
suspendedabsorbentmaterialpresentin turbidcoastal
waters.Thismethodof derivinganalgorithmbycorrela-
tingmultitemporalseatruthdatawitha singlesatellite
observationassumesthatthewatermassesmoveonly
slowlyduringtheconsideredthreedayperiodsothatthe
sceneof29Augustwill describequallywellthepigment
concentrationsfortheothertwodays.Thisassumptionhas
beenverified,withinthelimitsof thelocationaccuracyof
thestationsmentionedbelow,for themeteorologically
stableperiodduringthecampaignby comparingCZCS
scenesof22and23August1984.Theaccuracyofdetermi-
nationofaresearchvesselpositiononthesatelliteimageis
oftheorderof 1to1.5pixels,whichcorrespondstoabout1
to 1.2km.Thereflectancevaluesusedin thecorrelation
analysiswerethereforeaveragedovera3 x 3pixelarea
centeredaroundthepixelclosesto thevesselposition.
Positionmislocationerroraswellasthoseduetopatchi-
nessof thepigmentfieldandstatisticalfluctuationsin the
sensistivitylossevaluationweretakenintoaccountbyesti-
matingerrormargins.The errorbarsin Figure3 were
obtainedbytakingminimumandmaximumofR13calcu-
latedoverthe3x 3areaof twoimageswithtwodifferent
SLCF setsthatdifferedby3,2,and1%in channell,2,
and3respectively.A scatterplotof theship-measuredand
CZCS-estimatedpigmentsforthe11pointsof29Augustis
givenin Figure5.It readilyshowsthat,in turbidwaters,
theaccuracyofpigmentestimationis goodonlywithina
factorof two.
AlthoughtheCZCSinfraredsensorfailedwithinthefirst
yearof themission,wehavetriedtousethechannel6data
wheneveravailable(countvaluesnotsaturated).Thedis-
playedquantityis anumber(CR) relatedlinearlytothe
blackbodyradianceBBR (mWcm-2sr-I)accordingto:
CR =-a*BBR+b
Figure4
Position of the sea truth stationsusedin developmentof site-specific
case2 wateralgorithm.Backgroundimagewas collectedon 29 August
1984,and in situdataon thesameday,.butalso a daybeforeandafter.
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Scatter plot of ship-measuredand CZCS-derived pigment
concentrationsfor29August1984(OrbitNo.29525).
sothathighradiance,equaltohightemperatures,corres-
pondsto lowerdigitalcounts;a andb arecorrelation
constants.Sincenovalidcalibrationalgorithmwasavai-
lablefor the1981/1982dataweusedthedigitalcounts
directlyasameasureoftherelativesurfacetemperature.
Altogether,scenesfrom23orbitswereprocessedusing
thealgorithmjustdescribedandeventuallyrectifiedgeo-
graphicallyandremappedon to a Mercatorprojection
usinggroundreferencepointstoanchortheremotely-sen-
sedimage.As showninTable1,it waspossibletoderive
22pigmentconcentrationmapsand13coregisteredrelati-
vetemperaturemapsofvaryingquality.Usingthespatial
extentof the1mgm-3pigmentconcentrationasadelimi-
tingcriterionit waspossibleto separatethescenesinto
twogroups:oneshowingpronouncedsurfacespreading
(SS) -extendingto themiddleof thebasinandbeyond-
and the other exhibiting coastal confinement (CC) -
remainingwell withinthewesternhalf of theAdriatic
basin. This division reinforcespreviousfinding of
Clementetal.(1987),butourstudyfurthershowsthatthe
CC andSSpatternsarenotnecessarilyrelatedtowinter
andsummerespectively:apparently,bothtypescanbe
observedineitherseason.Weselectedfourscenestoillus-
trateeachtype-seasoncombination.TheSStypein sum-
merispresentedinFigure6 (pigment)andFigure7 (rela-
tivetemperature);summerCC typeis givenin Figure8
(pigment).ThewinterCC typeis illustratedwithonlya
pigmentfield(Fig.9),whereasFigure10andFigure11
exemplifywinterSS response.In thenextsectionwe
explorethepossibledynamicsbehindthefourselected
scenes,usingavailableinsitudata,andthenaddressthe
generalityofconclusionsdrawnfromtheanalysis.
Table1
CZCS scenesconsideredin theanalysis.
No
20
21
Orbit
13146
2 13160
Date pi T2 Comment
3 13297
01.06.81x clear,goodlate
springscene
asabove;2-day
sequence
veryclearlate
springscene
cloudy;Po
dischargezone
visible
veryclear
summerscene
clearNorthern
Adriatic area
partlycloudy;
ChI "flooded"
Adriatic
similarto above
verycloudy
NorthernAdriatic
ratherclear
winterscene
verycloudyover
W. Adriatic coast
channel3
notavailable
unusuallyclear
latewinterscene
asabove;
2-daysequence
perfectlyclear
earlyspringscene
partlycloudy;good
N. Adriatic scene
similar to above;
2-daysequence
verycloudy
N. Adriatic area
verycloudy
Adriatic;
2-daysequence
cloudybut
usefulspringscene
almosttotally
cloud-covered
Adriatic
verycloudy;
clearwest
coastalarea
clear;small
NorthernAdriatic
area
4 13782
02.06.81 x
12.06.81 x x
5 14182
17.07.81 x
15.08.81 x
24.08.81 x
21.09.81 x
02.01.82 x
30.01.82 x x
6 14307
02.02.82 x x
7 14693
10.02.82 x x
8
9
16117
16504
14.03.82 x
10 16545
15.03.82 x x
11 16656
16.03.82 x
26.03.82 x x
12 17098
01.04.82 x x
13 17112
02.04.82 x x
14 17126
05.04.82 x x
15 17264
06.04.82 x
11.04.82 x x
16 17347
12.04.82 x x
17 17361
18.04.82 x x
18 17402
19.04.82 x
1: P derivedpigmentconcentration.
2: T relativeseasurfacetemperature.
17
19 17416
17485
17499
22 17582
RESULTSAND DISCUSSION
23 17596
As pointedoutin previousection,theobservedpigment
patternsappeartofall intotwobroadcategories:onecha-
racterizedbyriver-affectedwaterbeingtrappedwithinthe
Italian coastalstrip (CC); and the othertypifiedby
buoyant,surfaceoffshorespreading(SS).It hasbeensug-
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Figure12
Po river outflowat Pontelagoscuro(Gregoand Mioni, 1985)and wind
velocityat Pula airport (Hydrometeorologicallnstitute,1981)for: a)
June 1981; b) August 1981.Also indicatedare the datesof analysed
CZCS scenes.
date.Moreover,wedidnothaveatourdisposalcompa-
rablebiologicaldatafortheareaandtimeconsidered.
As canbeseenfromthetable,outofthesevenscenesfour
areof theSS type,twoareof theCC typeandoneis
somewhatundecided.Mostof themcanbesuccessfully
interpretedwithintheproposedframework.However,
mentionedlackof stratificationandbiologicaldatamakes
it somewhatdifficulttoanalyzescenes6 and7withinthe
describedtype-seasonrelationsanddynamicalinterpreta-
tionascribedtoeachof them.It wouldbeworthtoinvesti-
gatewhetherthemoderateSWwindobservedin theweek
precedingthe24August1981scenehadanysignificant
effectonit.It wouldbealsointerestingtoassesstheimpor-
tanceof theambientstratificationa d/orbiologicalactivity
forthe"pigmentflood"registeredon21September1981.
Winterpatterns
As pointedoutearlier,theNorthernAdriaticis vertically
wellmixedin winter,andconfinementof river-influenced
waterstothecoastalzoneis consideredtypicalforthesea-
son(Franco,1972;Orlie,1989).AlongtheItaliancoasthe
Po outflowcommonlyformsaboundarylayerof lighter
water10-20kmwideandabout10mdeep(Orlicetat.,
1992).Kuzmic (1989)processedandanalysedwinter
CZCSscenes(March-April1982)withaviewtoverifying
Summaryof summerscenes.Theflowrates are averagedover 7-day
period preceding a scene and classified according to the rules: low =
below 1 000, intermediate=higher than 1 000, but lower than1 500,
high =higher than1 500m3s.l). Thewindspick£dweretheoneswith
largestdaily magnitudein thesameperiod (weak=lessthan5,
moderate=between5 and 10,strong= morethan10ms.l).
* SS = surfacespreading;CC = coastalconfinement.
modellingpredictionsof theeffectsof spatiallyheteroge-
neousburawind.In thepresentstudy,thatsequencehas
been extendedto include early winter scenes.
Unfortunately,theextensiondidnotbringaclearwinter
CC pigmentpattern.The pigmentmapderivedfor 15
March1982(Fig.9)bearstheclosestresemblancetothe
expectedcase.At thetimetheNorthernAdriaticwaswell
mixedalongtheverticalandthePowaterswereconfined
toanareaalongItaliancoast.Thetrappednutrient-rich
riverinewatersshowupratherwell in thepigmentmap.
Concentrationof 1mgm-3delineatesasharpcoast-follo-
wingfront;theriver-affectedcoastalzoneis widerin the
vicinityof thePodeltaandnarrowerfurthersouth.As for
thetemperaturefi ld,followingZore-ArmandaandGacic
(1987)onewouldexpectthe Po-influencedNorthern
Adriaticthermalfrontstobeorientedmeridionally(shore
parallel)unlessaffectedby burawind.However,Zore-
ArmandandGaciCstudiedDecemberandJanuaryscenes,
i. e."true"wintercaseswhentemperaturedifferencebet-
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Figure13
Mean annual variation of temperatureof Po river waters(measuredat
Pontelagoscurofrom 1961 to 1971; Cati, 1981) theNorthern Adriatic
waters(registeredat SvetiIvan, near Rovinj,jrom 1962 to 1974;Supic,
1988).
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No Orbit Date Type* Po flowrate Wind
1 13146 01.06.81 SS high strongSE
2 13160 02.06.81 SS high strongSE
3 13297 12.06.81 SS high weakENE
4 13782 17.07.81 CC intennediateweakNW
5 14182 15.08.81 CC low weakE
6 14307 24.08.81 CC/SS low moderateSW
7 14693 21.09.81 SS intennediateweakSE
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weenthePo andambientwaterscanbeaslargeas5°C
(Fig.13).Thesameclimatologicaltemperaturedatasug-
gesthatinMarch,whenthisscenewasregistered,thedif-
ferenceisreducedto1°Corlower,andbetweenMarchand
April it evenchangesign(thePowatersbecomewarmer
thantheambient).TypicallyforthetroubledCZCSIR sen-
sortherewasnothermalimageavailableforthesceneto
verifytheabovestatement.
Apparently,thesurfacespreadingcanbealsoobservedin
winter(Kuzmic,1991).As Figure10demonstrates,on26
March1982anovalstructurewasregistered,welldevelo-
pedintothebasininterior.Kuzmic(1991)interpretedthe
scenein termsofadvectionbywind-curlcurrents.Namely,
previousmodellingstudies(OrliCetai.,1986;Kuzmieand
arlie, 1987)havesuggestedthat,in themiddleof the
NorthernAdriaticbasin,thespatiallyheterogeneousbura
windinducesupwind,eastwardtransports.Extendingthose
modellingstudieswithasimplerandomwalkdispersion
exerciseKuzmic(1991)producedanumericalsimulation
in fair agreementwiththepigmentfieldderivedfor 26
March1982,aswellaswiththeempiricaldata(Poriver
flowrateandwindvelocity)forthatandtheadjacentdates.
Morespecifically,thesimulationdemonstratedthatbura-
inducedcurrentscan transportPo-influencedcoastal
watersintothebasininterior,producingapigmentpattern
verysimilartothatactuallyobserved.
Partof thatdatasetis reproducedin Figure14,showing
thatthescenewasregisteredimmediatelyafteramoderate
increasein thePodischarge,andfollowingastrongbura
episode.Also seenin thefigureis anotherburaepisode
(between5and10March1982).Insteadofcoincidingwith
Table3
Summaryof winterscenes.Theflow rates are averagedover a 7-day
period precedinga sceneand classifiedaccordingto the rules: low =
below 1 (}(}O.intermediate=higher than 1 000, but lower than 1 500,
high =higher than 1 500 m3 s.l). The winds selected were the ones with
largestdaily magnitudein thesameperiod (weak=lessthan5,
moderate =between 5 and 10, strong =more than 10 m s-l).
* SS =surface spreading; CC =coastal confinement.
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Po river outflowat Pontelagoscuro(Grego and Mioni, 1985)and wind
velocityat Pula airport (Hydrometeorological1nstitute,1982)for March
1982.Also markedare thedatesof analysedCZCS scenes.
orfollowinganincreaseinPodischarge,it actuallyprece-
ded,byseveraldays,anothermoderateincreasein thePo
outflow,soitsconsequencewasprobablynotaspronoun-
cedasinthe26Marchcase.Nevertheless,it istemptingto
interprettheprotrusionseeninFigure9asan"aberration"
fromcoastalconfinementduetothisburaepisode.Kuzmic
(1989)reportsthatthe15Marchscene,whenfIrstproces-
sed,actuallyinspireda searchforpossibleburaepisode
precedingit. Anotherepisodewasindeedfound(5-10
March)andthewindtimeseriesappropriatelyextended,to
accommodatehethirdepisode.Thepresentedanalysis
suggestsheimportanceof relativesynopticityofburaepi-
sodesandperiodsof increasedPodischarge.However,this
synopticitymaynotbesoimportantif oneconsiderstem-
peratureorsalinityfIelds.Somesituations,notconsidered
in thispaper,suggestthatastrongburaepisodemayleave
a pronouncedmarkin thetemperaturefield,evenif an
extrariverinedischargeisnotavailable.
It appearsthatthePo waters,whileadvected,arealsosub-
jectedtostrongmixing(Fig.10);consequently,theydonot
exertobservable(temperatureandsalinity)influencealong
theopposite,Adriaticcoast(arlie, 1989).A usableIR
image(channel6),availablefor26March(Fig.11),sug-
gestsexpectedwinterdistributionoftheseasurfacetempe-
rature:warmerwatersarefoundin thesouthandalongthe
eastcoast,whereascolderwatersappearin thenorthand
alongthewestcoast.Thetemperaturedoesnotdelineate
thePoriverwatersprotrudingintothebasininterior.
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No Orbit Date Type* Po flow rate Wind
8 16117 02.01.82 SS low strongSE
10 16545 02.02.82 SS low moderateNE
(bura)
13 17112 15.03.82 ee intennediatemoderate
ENE (bura)
14 17126 16.03.82 ee intennediatemoderate
ENE (bura)
15 17264 26.03.82 SS intennediatestrongENE
(bura)
16 17347 01.04.82 SS low strongENE
(bura)
17 17361 02.04.82 SS low strongENE
(bura)
19 17416 06.04.82 ee low weakNE
20 17485 11.04.82 ee low moderateNE
(bura)
23 17596 19.04.82ee/ss low strongENE
(bura)
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Thisis in accordwiththeclimatologicaltemperaturedata
showingthatin MarchthePoandambientwatersdonot
differsignificantlyin heatcontent(Fig.13).However,in
wintermonths,whenthetemperaturedifferencebetween
Poandambientwatersis significant(December,January),
Zore-ArmandaandGacic(1987)wereabletoobservethe
thermalfrontin theNorthernAdriaticandascribeitszonal
orientationtotheinfluenceofburawind.
All thewinterscenesanalysedin thispaper,aresummari-
zedin Table3.As in thecaseof summerscenes,neither
stratificationnorbiologicalactivityis presentedquantitati-
vely,duetoalackofcomparabledata.Thetablepresents
tenscenesofwhichfiveareclassifiedasSS,4asCC,and1
is againsomewhatundecided.Thewindandflowratedata
usedtoproducethetablewereprocessedasin Table2.
Comparisonof thetwotablesimmediatelyshowsanumber
of burainstancesin winter.FollowingKuzmic (1989;
1991),theseburaepisodescouldberelatedtotheCZCS
scenes,for MarchandApril in particular.Unfortunately,
thetwoquotedworksdemonstrateimmediatewind-curl
effect,usingmodelsimulationandempiricaldata,onlyfor
thescene15.OthereportedMarchandAprilsceneswere
accesseddescriptively.Theyseemtoshowlesspronounced
wind-curleffectorvariouslaterstagesof wind-curlaffec-
tedpattern.A caseinpointis scene23.Apparently,itdoes
showanotherresponsetoaprecedingburaepisode,butnot
asclearlyasincaseof 26March.Theearlywinterscenes,
in theextendedset,areevenmoredifficult.Scene8isano-
ther"pigmentflood"casethatfitsneitherof thefourtype-
seasoncases,probablyrequiringbiologicalinterpretation
aswell.Oneshouldalsobearin mindthedifficultiesin
processingandinterpretingwinterscenes,andconsequent-
ly thepossibleartificialityof thisoneinparticular.Scene
10couldberelatedtomoderateburaepisodeprecedingit,
buttheexpectedvisualeffectis noteasilyestablished.
CONCLUSIONS
Thepurposeof presentpaperhasbeentoinvestigatefur-
therthepreviouslyobservedichotomyin theAdriatic
shelfwatersinfluencedbythePoriver.Tothatend,selec-
tedsummer1981andwinter1981/1982CZCS imagesof
theAdriaticshelfhavebeenreprocessedusinganimpro-
vedalgorithmforpigmentconcentrationretrieval.Thesen-
sitivitylosscorrectionprocedurehasbeenincludedin the
retrievalalgorithmtocompensateforradiometricsensitivi-
tyloss,andrenderedcoherentwiththeatmosphericcorrec-
tionmodel.Themodelwasalsoupdatedtoallowformul-
tipleRayleighscattering,andsite-specificalibratedfor
thecase2watersof theNorthernAdriatic.
Severalconclusionscanbedrawnfromtheremotelysen-
seddatapresentedinthisstudy.Ouranalysisreinforcesthe
previousfinding(Clementetai., 1987)thattwotypesof
CZCS-derivedpatternscanbeobservedontheAdriatic
shelf:one,elongated,trappedalongtheItaliancoastline;
andanotherwide,irregularlyspreadintothebasininterior.
However,accordingtoourresults,eitherpatterncanoccur
bothinsummerandinwinter.
In summer,whentheNorthernAdriaticisstratified,thePo-
influencedwaterstypicallyspreadintothebasininterior.
ThePo-shelfinteractionappearstobeprimarilycontrolled
bytheriverdischarge.Higherflowratesinducemorepro-
nouncedspreading,whereasalowerdischargerestrictsthe
river-affectedwatersto a narrowbandadjacento the
Italiancoast.Thewindsin summerareusuallytooweak,
infrequentandshort-livedtocontributesignificantlyto
theseprocesses.
In winter,whentheNorthernAdriaticis verticallywell
mixedalong,theriver-affectedwaterscommonlyremain
confinedtotheItaliancoastalstripall thewaydownthe
shelfandintotheSouthernAdriatic.However,strongepi-
sodesofspatiallyheterogeneousburawindseemtobeable
toprovokeintrusionsintothebasininterior.
Theabovefindings,basedonderivedpigmentpatterns,eem
tobeinaccordwithrelativeseasurfacetemperature,d rived
fromchannel6oftheCZCSsensorandwithavailablempi-
ricaldata(Po riverflow rateandtemperature,Northern
Adriatictemperatureandwind).In particular,theAugust
1981IR imageclearlytracesthePoriverthermalsignature,
whereasacomparablet mperaturedifferenceisnotvisiblein
theMarch1982scene.Bothresultsconformwithexpecta-
tionsbasedon climatologicaldatafor thePo riverand
NorthernAdriatic.Thewindandflowratedatasupportthe
dynamicinterpretationssuggestedbypigmentpatterns.
Despitetheconsistentpatternthathasemergedfromthe
presentanalysis,itslimitationsmustbeborneinmind.For
example,therelativelylimitednumberof CZCS images,
unevenlycoveringdifferentseasonalndresponsepatterns
hastobeconsidered.As in mostprevioususesof CZCS
data,theanalysishasbeenlargelydescriptive.Previously
gaineddynamicinsight,vianumericalsimulations,has
beenlimitedto winterbura-dominatedcases;andeven
thosecasesmeritfurther,lessdescriptiveconsideration.
Certainly,thecomplexinteractionof riverineandwind-
affected,stratifiedshelfwaterswarrantsmoreelaborate
models and more intensive modelling exercises.
Concurrenthydrographicnsitudatawouldbringfurther
confidencein conclusionsdrawnfromremotelysensed
data.Furthermore,it hasbeentacitlyassumedin theana-
lysesthatpigmentconcentrationis aconservativeenough
tracer.Biologicalprocessesassociatedwithspatialand
temporaldynamicsof variousPo-relatednutrientshave
thereforebeenignored.Thissimplificationcarriesdifferent
weightfordifferentperiodsof theyear.However,it see-
medanacceptablefirstapproximation,enablingustodeli-
neatethePo-influencedwaterboundary.
Furtherworkalonganyof theselinesseemsdesirableasa
steptowardsbetterunderstandingof thehydro-andther-
modynamicsof theAdriaticSea.Theconsiderableexisting
remotesensingdatabase,aswellasinputfromfuturemis-
sions,will, it ishoped,contributetothatend.
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